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Computational Simulation of Combustion in Power Plant Boiler

According to Un-Even Combustion Air

Young Gun Go, Sangmin Choi and Young-zoo Kim

ABSTRACT

Qil-fired power plants usually use several burners and the combustion air is supplied
to each burner through the complicated duct which is called windbox. A windbox should
be designed to supply combustion air to each burner evenly but, due to the complicated
duct shape, flow distribution in the windbox is unbalanced and uneven supplies of
combustion air to each burner are induced by these unbalanced flow distribution in the
windbox. These flow patterns tend to make flame unstable, increase the formation of
pollutants and lower the overall combustion efficiency. To prevent these disadvantages,
flow patterns in the windbox should be investigated for the uniform flow distribution. In
this study, computational simulation method was used to investigate the flow distribution
in the windbox and measured the velocities at the exit of burners in the real windbox
to compare with CFD results. The results show two significant flow patterns. One is
that the flow rates of each burner are different from each other and this means that all
burners operate in different conditions of air to fuel ratio. The other is that the flow
distribution at the exit of each burner is not axi-symmetric although the burner shape is
axi-symmetric and this increases the pollutant products like CO.
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Fig. 1 Schematic diagram of fuel suply system in the oil-fired burner
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Fig. 2 Outline of a calculated windbox

(a) : Air register vane
(b) : Atomizer & Impeller
{c) : Burner tile & Burner throat

Fig. 3 Burner shape
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Fig. 4 Simulated boiler shape and grid
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(b) Schematic diagram of measurement probe

Fig. 5 Measurement of flow rate in power plant

g 4 dA "ok 23 Z2HE sy 9
I WA F BIFger Hol WFE T F YR T
A%E 7I€£L 2 Fig. 59 (b)s} 2ol A Y&
o Hdg AAY #5& FAHAE + o

o
S
oy
=
o
X
A

& 3}‘215}. *—J*ﬂ ‘% £:°ﬂ*1 AEE e A
Bl & R AAG T o]f2 s BE B
A fr&e FAHAE XA old olw2 4
A gAzAM Y f& 54 492 Front% 4%
BAUFB)# A€E(FA) {49 #&7t 54
Aok 342 EA29 4/4(100%) F-8tel A
71E &7 % 2AstelA o] Fof At

3.3.2 Windbox F3all4

AAHNA L A4 Windbox Aol s 4/4
(100%) %3t 71%<] dislA Fluent 6.0& °] &3}
o #HHE sgen dFwde Standard k-e&
AHgEtth =3 A J9L Windbox Tl
A" J# YERERE vy Air register
vane 7HAE sMdidez HdAsga. =% 7t

Lo mlo el

Calculation of the discrete
phase trajectory

v
Prediction of the effects
of turbulence on the
dispersion of particles

Heating/Cooling of
the discrete phase

v

Vaporization and boiling
of liquid droplets

¥
Coupling of the
continuous phase to
the discrefe phase

Fig. 6 DPM 7l

£d HYE F4oz 998 F9 oA FHS
Hol: 97} W&o Symmetric ZAZAE AlE
3to] A Windbox Foll 1/2 9 slgdste 99
of disiAgt A& At

333 HAAM AAasiy

< AHgEtden diavtay
& WSGGM %4 & &3 Atsdd. F
A82 ALEE7] 4o dFHelN Fud
o] 371 fEAT Arly} o] o]FoiF]
T7F daol ZA FFE F7) W] g8
9 ¥ 3= (Probability Density Function : PDF)&
Agate] A4S ot o] WP E¥ A
A9s 29 fi4l 98 &S o83y o
of A £=& S AF 4 A2 Fluento
prePDF 4.1& Al£389 PDF g-& |tk 4A

>
fa
(22
f

]
fo

ne e e S
!

r-{u

Ir Pt do ox

o}s‘.

L.

Table 1. Air flow rate of burners for Case 2

A B C
Front Burner & 8 82
kg/s kg/s kg/s
goa upper 11.35 13.42 11.35
lower 11.36 13.92 11.36
s upper 11.49 13.89 11.49
lower 10.73 13.65 10.73

A B C

Rear Burner a3 &3k s
kg/ s kg/ s kg/s
P upper 11.40 14.07 11.40
lower 11.11 13.35 11.11
g upper 10.94 13.68 10.94
lower 9.89 12.89 9.89
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Table 2. Air flow rate deviation

A3 A B C
Ay Ha}t % "zt % Hak %
Front | ubper -46 128 ~-4.6
EEN
T lower -45 17.1 -45
Rear | upper -8.0 15.0 -8.0
#73 | lower | -168 84 -168
A B [
A4 d
® Bar % Ui % Hi %
Front | upper 1251 ~1.62
H2E | lower ~-5.99 ~-4.9
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Fig. 8 Air flow shape at the exits of each
burner
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{b}) Case 2
Fig. 10 Velocity and temperature distribution
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Table 3. Temperature and mass fraction

in the boiler

H:;g;’t Temperature(K) concerll\frii?anf%}
Case 1 | Case 2 | Case 1 | Case 2

53 1438 1455 0.017 0.037
95 1566 1569 0.025 0.034
144 1586 1613 0.026 0.029
20.9 1528 1532 0.015 0018
269 1410 1422 0.013 0.014
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